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Abstract 
Most research on language in autism spectrum disorders (ASD) has focussed on social and 
communicative impairments, whereas grammatical impairments are less explored. This study 
delves into the syntactical knowledge and processing of passives in children with high-
functioning autism (HFA) and aims to answer the research question “Do children and adults 
with HFA comprehend and process passive sentences differently from typically developing 
children and adults?”  Four groups, comprising children with HFA (N=2; age 8.52-8.75), TD 
children (N=13; age 6.78-11.07), adults with HFA (N=3, age 23.23-25.92), and TD adults 
(N=6; age 22.63-29.65) were tested on their processing of passives through reading of a 
sentence (recorded by an eye-tracker) and comprehension (picture-selection) of long actional 
passives. Results suggest that children and adults with HFA have a good comprehension of 
long actional passive sentences, as they perform at ceiling level. The TD adults answered 
100% correctly too, and the TD children selected 90.4% of the correct pictures. The eye-
tracking results are insufficient to comment on the processing of passive sentences, because 
the collection of eye-tracking data was unsuccessful. The comprehension results are discussed 
in comparison to three recent studies on passives in Farsi-, Greek-, and English-speaking 
children (Heshmati, 2013; Terzi et al. 2014; Perovic, unpublished manuscript). Options for 
the analysis of complete eye-tracking data and suggestions for further research are discussed.   
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Introduction 
Communicative disorders are one of the characteristics of Autism Spectrum Disorders (ASD). 
Yet within ASD, large differences between participants exist. This thesis focusses on high-
functioning autism (HFA), this means that individuals have a normal IQ and no language 
impairment. Concerning language in children with HFA, most research has focussed on 
pragmatic impairments in relation to these communicative issues. However, research on the 
grammars in individuals with ASD has received less attention, but is now more and more 
subject to research. Currently, there is no consensus on whether features of grammar show 
impairment in populations with ASD and if they play a role in the communicative problems 
people with HFA experience.  Therefore, the goal of this thesis is to investigate a specific 
feature of the grammar of participants with HFA, in order to get a better picture of the 
grammatical abilities of this population. 
 In this thesis, I aim to answer the research question: “Do children and adults with HFA 
comprehend and process passive sentences differently from typically developing children and 
adults?” The comprehension results can be compared to previous research on other passives in 
children with ASD or HFA (Heshmati, 2013; Terzi, Marinis, Kotsopoulou, & Francis, 2014; 
Perovic, unpublished manuscript). Processing of sentences has never been investigated 
through eye-tracking in HFA groups. Although it could provide insight into how TD and HFA 
groups process sentences and whether possible processing differences relate to difference in 
comprehension between groups. The experiment used contains two tasks: the participants first 
read a sentence, which is recorded by an eye-tracker, and then select one of two pictures to 
match the meaning of the sentence, which uncovers participants’ comprehension.  
 The outline of this thesis is as follows. Chapter 1 contains a literature review. All 
relevant background information on high-functioning autism, language in populations with 
autism, as well as information on passives (in TD and ASD populations, across languages) 
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and gazing and reading behaviour is addressed. This chapter is concluded with a hypothesis, 
drawn from the literature, and the direction of the study. In chapter 2, I will discuss method 
and design of the experiment that I carried out. In chapter 3, I will present the results. In 
chapter 4, I will discuss these results and their relation to previous research, as well as 
limitations of this study and recommendations for further research. At the end of this chapter, 
the conclusions are formulated. 
Chapter 1: Theoretical Background 
1.1 What is High-Functioning Autism? 
High-Functioning Autism (HFA) covers a small part of the Autism Spectrum Disorder 
(ASD). This is a spectrum, which indicates that there is a wide range of symptoms that result 
in the diagnosis ‘ASD’. Under the DSM-V, three severity levels of ASD are listed. Under the 
most severe form children need much support and assistance, and experience severe 
limitations in everyday life. However, on the other side of the spectrum, the least severe level, 
people function with little support and only have minor perceptible deficiencies, and this 
group functions quite well in everyday life. People with the second level of ASD severity 
experience difficulties that fall in between the other two levels (American Psychological 
Association [APA], 2013). 
 Children with HFA are scaled on the least severe level of ASD, but HFA is not used as 
a label of diagnosis used by clinicians. The exact definition for HFA used in this paper 
includes three criteria: children have an ASD diagnosis, fluent speech, and an average IQ. 
Under the DSM-V’s precursors, PDD-NOS and Asperger’s syndrome were considered part of 
ASD, but under the new DSM-V regulations they are no longer on the autism spectrum. The 
definition of ASD in relation to autism, PDD-NOS and Asperger’s syndrome is not clear-cut 
and researchers disagree how separate these conditions are (Simmons et al., 2009). However, 
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in this research participants with PDD-NOS or Asperger’s diagnosis are fit for the ASD 
participant groups if they were diagnosed before the DSM-V was implemented, because 
according to the DSM-V diagnoses of Asperger’s and PDD-NOS under previous versions of 
the DSM should receive an ASD diagnosis under the DSM-V (APA, 2013).  
 Children with ASD often have difficulties with interaction and communication in 
social environments. Additionally, people diagnosed with ASD can show repetitive, 
restrictive behaviour and limited interest or activities (APA, 2013). Symptoms related to ASD 
come to light when children are very young and negatively impact their everyday lives. 
Furthermore, these symptoms are not explained by issues with children’s development or IQ, 
though these issues often co-occur with ASD (Schaeffer, 2016).  
1.2 Language deficits in HFA 
Language research in individuals with autism often focused on social dimensions of 
communication rather than language impairments (Lord et al., 2000; McEvoy, Rogers, & 
Pennington, 1993; Mundy, Sigman, Ungerer, & Sherman, 1986; Tager-Flusberg, Paul, & 
Lord, 2002; Thiemann & Goldstein, 2001). Symptoms of ASD as described in the DSM-V, 
see section 1.1, indicate limited pragmatic skills in children with ASD compared to typically 
developing children. Research on pragmatic skills in children with HFA mostly confirms 
impaired pragmatic skills and problems managing discourse (for a review, see Eigsti, De 
Marchena, Schuh, & Kelley, 2011). However, research on language development in ASD 
shows no consensus, as other researchers have found that certain pragmatic features in 
populations with ASD are similar to typically developing (TD) populations. For example, 
Pijnacker, Hagoort, Buitelaar, & Geurts (2009) tested 28 Dutch-speaking adults with HFA 
(mean age 26;8) and 28 Dutch-speaking TD adults (mean age 26;3) on sommige (some) and of 
(or) using an implicature judging task. The task comprised 180 sentences: 80 test sentences 
with sommige, 60 sentences with of, and 40 fillers. Test sentences with sommige were divided 
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into four conditions: true universals, false universals, true existentials, and underinformative 
some (which are logically true, but pragmatically false). Half of the 80 sentences contained 
‘all’ instead of ‘some’. The test sentences with of were comprised three conditions (20 
sentences per condition): underinformative (logically true, but pragmatically false), true 
disjunction, and false disjunction. Participants read the sentences from a screen and had to 
choose between false or true for each presented sentence. Pijnacker et al. found that HFA 
participants performed similarly to the TD participants on all conditions for of and sommige. 
They ascribe this result to the average to high IQs of the participants with HFA, which could 
compensate for a pragmatic impairment. Chevallier, Wilson, Happé, & Noveck (2010) tested 
22 English-speaking TD adolescents and 22 English-speaking adolescents with HFA (means 
ages 13;10 and 13;4) on scalar implicatures ‘and’ and ‘or’. The stimuli consisted of sentences 
such as “There is a frog and a flower” (Chevallier et al., 2010, p. 1108), that were presented 
orally while participants looked at two pictures on a laptop screen. Chevallier et al. used three 
conditions for ‘and’ and ‘or’: True-True (which is logically true, but could be interpreted as 
pragmatically false), True-False/False-True, and False-False. For the first condition, both 
images matched the sentence, for the second condition one picture matched the sentence, and 
for the last condition neither image matched the sentence. Participants had to choose whether 
the sentence they heard corresponded to the pictures they saw or not. Their results showed 
that the two participant groups performed similarly on all conditions. Chevallier et al. state 
that at least for a small subgroup of people with ASD, this part of pragmatics appears intact. 
Chevallier et al. and Pijnacker et al.’s findings show that this part of pragmatics is unimpaired 
in HFA populations; hence not all pragmatic skills are impaired.  
 Traditionally, it was thought that children with ASD acquired grammar rules at a 
slower rate, but the grammar itself was unimpaired (Lord & Paul, 1997; Tager-Flusberg, 
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1981; Tager-Flusberg et al., 1990; McGregor et al., 2013). In contrast, other research indicates 
that a large number of people with ASD do have errors in certain features of grammar.  
 Pierce & Bartolucci (1976) were amongst the first that looked at syntactical abilities in 
ten children with ASD, aged six. They analysed free speech (reduced to fifty sentences per 
child) on syntactical features and found that children with ASD, compared to age-matched TD 
children and children with intellectual deficits, performed poorly on syntactic complexity and 
transformations. Pierce and Bartolucci conclude that it appears that the ASD children have 
more slowly developing grammar, but also note that the level of nonverbal IQ and 
performance on grammar appear linked and that the nonverbal IQs of the participants with 
ASD cover a wide range. These findings should be taken with caution, as the diagnosis of 
ASD has come to entail different symptoms; the results of Pierce and Bartolucci (1976) may 
not be representative for children with ASD today. Nevertheless, this research indicates that 
transformations, such as passives, are likely to be affected in certain ASD groups.  
 In a more recent study, Perovic, Modyanova, & Wexler (2013) tested fourteen 
English-speaking children with ASD aged six to seventeen with and without language 
impairment, who were matched on nonverbal IQ and grammar, on reflexive and personal 
pronouns through a two-choice picture selection task. The children with ASD and no 
language impairment showed similar difficulties as the TD children on the comprehension of 
personal pronouns. In contrast, they performed worse than the TD children on the 
interpretation of reflexives, which is probably caused by an impaired grammar and not due to 
language delay or cognitive issues according to the authors.  
 Terzi, Marinis, & Francis (2012) investigated twenty five to eight-year-old Greek-
speaking children with HFA utilising a picture selection task with three pictures. The task 
included three conditions: strong pronouns, clitics and reflexives. The task contained six 
sentences per conditions. The results showed equal performance on strong pronouns and 
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reflexives between the HFA and TD groups, but the results of the HFA group showed more 
errors on clitics than the TD group. Terzi et al. concluded that only clitics are impaired in the 
grammars of the HFA group compared to the TD group. The strong pronouns and reflexives 
appear unaffected, in contrast to the findings of Perovic et al. (2013). Terzi et al. (2012) 
attribute these differences in findings to the design of the tasks (two and three picture-
selection task) and the different properties of Greek and English reflexives. These findings 
highlight another difficulty in research on grammar in HFA populations: grammatical features 
have different properties across languages.  
 Another study on grammar in HFA populations concerned grammaticality judgements. 
Eigsti & Bennetto (2009) researched twenty-one children with HFA and TD children, aged 
nine to seventeen, using grammaticality judgements. The participants were orally presented 
with 140 sentences that contained twelve grammatical structures, such as wh-questions and 
verb aspect marking. Half of the sentences were ungrammatical; the grammatical structures 
could be violated in three ways: by omission, substitution, or movement. The HFA group’s 
results showed similar judgements on ten of the grammatical structures, but did worse on third 
person singular and present progressive marking than the TD group. Eigsti & Bennetto (2009) 
conclude their results show impairment in participants with HFA’s grammars, which is caused 
by delayed development. 
 In sum, there is no consensus on whether the grammatical abilities of children with 
ASD are impaired or not. This is partially due to the large differences in abilities between 
children diagnosed with ASD and the notion of what ASD exactly entails. Perovic et al.’s 
(2013) results indicate that within ASD there are individuals with and without language 
impairments, independent of IQ. Another complication is that grammatical structures have 
different properties across language. More research is necessary to shed light on this matter. 
In the present study I will show that passives can be used for this.  
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1.3 Passives 
1.3.1 What are passives? 
Passive sentences appear in many languages, such as English and Dutch, and they are derived 
from active sentences. In a passive sentence, compared to an active sentence, the internal 
argument of the verb has become the subject of the sentence and the external argument is 
either left out or moved into a PP headed by ‘by’ in English. An example of active and 
passive sentences can be found in (1a-b). 
 (1)   “a. John kisses Mary 
  b. Mary is kissed (by John)” 
  (Verrips, 1996, p. 1) 
The present study looks at the comprehension and reading behaviour of Dutch passives in 
adults and children with HFA, and TD children and adults. In Dutch, there are several ways to 
construct passives. These constructions can involve transitive and intransitive verbs, which 
result in different types of passives (Verrips, 1996). In this study only transitive verbs are 
considered. Transitive verbs can form either verbal or adjectival passives. In this study only 
verbal passives are used, which require the copula ‘worden’ (to become), such as examples 
(2) and (3). 
      (2)  Het graf werd gegraven (door de vader van de overledene). 
  The grave BECOME-PAST dug (by the father of the deceased) 
  ‘The grave was dug (by the father of the deceased).’ 
 (3) De kinderen worden gewassen (door hun moeder). 
  The children BECOME-PL washed (by their mother) 
  ‘The childen are (being) washed (by their mother).’ 
  (Verrips, 1996, p. 2) 
All verbal transitive verbs, except stative ones, can form a passive. Example (4) shows a 
passive with a stative verb: 
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 (4)  * Vijftien kilo  wordt   gewogen  door  het  boek 
       Fifteen kilo BECOME-SG weighed by the book 
  (Verrips, 1996, p. 2) 
The transitive verbs that form verbal passives can be divided into two categories, based on 
semantic properties. Verbs can denote events that occur in one’s head, such as thinking, 
believing or loving, or events that occur in the real world, such as petting, hitting, or kissing. 
These verbs are called psychological and action verbs respectively (Perovic, unpublished 
manuscript). Active psychological and action verb sentences, and their passive counterparts, 
are given in examples (5) and (6).  
      (5)  Homer loves Bart 
  Bart is loved by Homer 
 (6) Marge kissed Lisa 
   Lisa was kissed by Marge” 
  (Perovic, unpublished manuscript) 
As stated above, the ‘by’ phrase is optional in Dutch, same as in English. Passives of the type 
of examples (5) and (6) with a ‘by’ phrase are called long passives; ones without a ‘by’ phrase 
are called short passives.   
1.3.2 Acquisition of Passives 
The acquisition of passives has received much attention, due to its variation across languages 
and its non-standard grammatical structure. Armon-lotem et al.  summarise the findings of 
previous studies on the acquisition of passives as: 
      (1) Passive acquisition is delayed compared to that of actives. 
 (2) Short passives are acquired earlier than full passives. 
 (3) Nonreversible passives are acquired earlier than reversible passives. 
 (4) Actional passives are acquired earlier than nonactional passives. 
14 
 
 (2016, p. 31) 
Actives acquired before passives 
That actives are acquired before passives is generally accepted (e.g. De Villiers & De Villiers 
1973; Baldie, 1976). Armon-Lotem et al., (2016), which will be described and discussed in 
more detail below, tested actives and passives in eleven languages and found that the five-
year-olds in all eleven languages interpreted over 90% of the active sentences correctly. This 
shows that children have a good comprehension of active sentences 
Short and full passives 
 Studies on the age of acquisition of full (also called ‘long’) and short passives show no 
consensus. When it comes to comprehension of long and short passives, some research 
indicates that they are acquired at the same pace (Gordon & Chafetz, 1990), whereas others 
indicate find issues with long passives (Maratsos & Abramovitch, 1975). Fox & Grodzinsky 
(1998) tested thirteen English-speaking TD children (age 3.6 to 5.5) using the truth value 
judgement method found, which was implemented in a puppet game. The experimenters acted 
out an event and the puppets were made to utter a sentence that was either in the match 
condition or the mismatch condition (i.e. the sentence described the event correctly or 
incorrectly). The sentences contained long and short passives, with psychological and action 
verbs. The children had to say whether the puppet was right or wrong. Fox and Grodzinsky 
found that a subgroup of eight children (aged 3.6 to 5.5) performed 40.6% of the 
psychological long passives and 100% of the nonactional psychological short passives 
correctly. The children scored 100% correctly for all actives and actional passives. The 
researchers concluded that the comprehension of long and short passives for actional verbs, as 
well as short psychological passives, is equal in English and that children only struggle with 
the comprehension of long, psychological passives. For Dutch, Verrips (1996) designed an 
experiment with a sentence completion task to test the implicit arguments (e.g. ‘by’-phrases). 
She tested seventy-four children between age 2;6 and 6;6. The experiment comprised five test 
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conditions (transitive verb, passive; alternation verb, passive; alternating verb, anti-causative; 
copula ‘worden’) and one control condition (transitive verb, active). The experimenter 
showed the child a picture and described it with a sentence than ended with the preposition 
met (‘with’). She found that children have representations of implicit arguments (i.e. the 
verb’s unexpressed external argument; when expressed it appears in a ‘by’-phrase) before 
they start producing by-phrases in spontaneous passives. This indicates that not the underlying 
information structure of passives that is difficult for children, but the ‘by’-phrase explains late 
production of long passives.  
 More recent results by Armon-Lotem et al. (2016) conducted a cross-linguistic study 
on the comprehension of short and long passives in eleven languages. They tested 274 
children, aged five, divided between the eleven languages. They ran two experiments: one for 
the short and one for the long passives. Each of the two experiments comprised twenty-two 
verbs, though not all verbs were useful in every language. Eventually, thirteen verbs were 
used and these occurred twice: once in an active sentence and once in a passive sentence. The 
performance of the children on the active sentences was used as a measure to identify children 
who struggled with the task of the experiment: Lotem et al. excluded participants who 
performed below chance level on actives. All sentences were presented auditorily and 
participants had to choose between four pictures while they heard the sentences. These 
pictures could be divided into four categories: target (matched to the sentence), and neutral, 
role-reversal, and other (three mismatched pictures). All pictures showed three of the four 
characters that were used in the sections (there were two sections: one with only female 
characters, one with only male characters). Two of the displayed characters were involved in 
the action of the sentence; the third is a neutral observer. The target picture depicts the action 
of the sentence. In the neutral picture, no action occurs, e.g. the three characters sit still 
without interacting. In the role-reversal picture, the agent and patient have switched roles 
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compared to the action of the sentence. Lastly, in the other picture, the neutral observer 
performs the action. Armon-Lotem et al.’s results show that children do well on the short 
passives: in all languages children answered 80% or more sentences correctly (94.23% for 
Dutch). The long passives show more variation across languages, and performance varied, but 
was above chance for all languages except Catalan. For Dutch, 82.31% of the sentences were 
answered correctly. Armon-Lotem et al. compared the short and long passives through a 
mixed design ANOVA and found a significant difference between the performance on the two 
passive types (no differences for performance on actives was observed). For Dutch, a 
significant difference of performance between short and long passives was detected. The 
authors conclude that five-year-old children find long passives more difficult to comprehend 
than short passives in Dutch. However, this difference in performance is not found in all 
languages: the English and Danish children did not show a significant difference between 
short and long passive performance.  
Reversibility 
 Nonreversible passives are comprehended before reversible passives in English (e.g. 
Van der Lely & Dewart, 1986). Nonreversible sentences were thought to be easier, because 
knowledge of the world is a strong cue besides the syntactical construction. In German, 
Aschermann, Gülzow and Wendt (2004) did not find a reversibility-effect in German, which 
they argue is due to the more flexible (V2) word order in German than in English. No 
reversibility study has been carried out on Dutch passives, but as Dutch is a V2 language like 
German, no reversibility effect would be expected. 
Actional and nonactional passives 
 Gordon and Chafetz (1990) tested action and psychological verb comprehension in 
English and found that children performed better on action passive comprehension. Pinker, 
Lebeaux, & Frost (1987) explain this finding by arguing that young children prefer to use 
passives in sentences where the object receives a theme theta-role. This is the case for actional 
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verbs, but not for all psychological verbs, which means children have to learn which ones can 
be passivized. 
 Besides reversibility and the type of verb used, Lempert (2009) found that passive 
sentences with animate agents and patients were easier for English-speaking children (age 
2;10 to 4;7) than passive sentences with inanimate patients and animate agents. 
 In short, in Dutch passive sentences are acquired after active sentences and long 
passives are learnt after their short counterparts. Dutch children probably comprehend 
nonreversible passives before reversible ones, and passives with action verbs before passives 
with psychological verbs. Furthermore, the animacy of the patient plays a role in passive 
comprehension too.  
1.3.3 Passives and Theories of Acquisition 
There are many theories that can account for the delay in the acquisition of passives. Some of 
these accounts are input-based, whereas others are grammar-based. Input-based accounts 
connect the age of acquisition of passives to the quality and amount of input of passive 
children receive and have been argued by e.g. Demuth, Moloi, & Machobane, (2010); 
Demuth, (1989), and Lau (2011). These theories argue that a child needs a certain amount of 
input or input of a certain quality to acquire passive sentences.  
 The grammar-based theories rely on the maturation of grammar for the acquisition of 
passives, such as the ability to form A(rgument)-chains or to assign the theta-role to the ‘by’ 
phrase in long passives (Borer & Wexler, 1987; Fox & Grodzinsky, 1998). However, this 
study is not designed to add to the debate on which theory can best account for the acquisition 
of passives.  
Individual differences in acquisition  
Differences between individual participants have been reported by e.g. Rubin (2009) in 
Portuguese-speaking 3- and 4-year-olds and by Armon-Lotem et al. (2016) in 5-year-old 
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children for eleven languages, including Dutch, found large individual differences. For Dutch 
long passives, Armon-Lotem et al. report scores from 46.15% up to 100% correct responses. 
Armon-Lotem et al. found the biggest diversity in individual performance in Lithuanian, 
where responses ranged from 7.62% to 100% correct. These results highlight the importance 
of taking into account individual differences, besides considering the types of passives and 
types of verbs used. Ideally, these individual differences could be balanced by including large 
numbers of participants.  
1.3.4 Passives in ASD populations 
Children with ASD do not only seem to have difficulties with passives, but with transitive 
verbs in general. Prior and Hall (1979) found that TD and children with Down syndrome were 
better at understanding transitive verb phrases than children with ASD and that the children 
with ASD relied less on semantics to understand the sentence. This lack of use of semantic 
information is confirmed by Hermelin and O’Connor (1967), as they found that children with 
autism were not better at remembering sentences than remembering word lists, which 
suggests that autistic children do not integrate semantic and linguistic information when they 
process language. This means that TD children and children with ASD have different ways of 
interpreting semantics and syntactic structure. Eigsti et al. (2011) point out that more research 
is necessary to explain this finding. One of the ways to review transitive verbs is by looking at 
passives. To this date, passives have been studied in English, Farsi and Greek speaking 
children with ASD. 
ASD and English passive comprehension 
Perovic (unpublished manuscript) has studied the perception of passives in English speaking 
children. The experiment she carried out consisted of a forced two picture task with six 
conditions: Actional verbs and psychological verbs, which could be both long (with ‘by’ 
phrase) and short (without ‘by’ phrase), that were presented in both active and passive mode. 
These conditions, as well as an example for each condition, are summarised in table 1.  
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Table 1 – The conditions used by Perovic (unpublished manuscript) 
Actional Verbs Example Psychological Verbs Example 
Actional Active Marge kissed Lisa Psychological Active Homer loves Bart 
Actional Long 
Passive 
Lisa is kissed by 
Marge 
Psychological Long 
Passive 
Bart is loved by 
Homer 
Actional Short 
Passive 
Lisa is kissed Psychological Short 
Passive 
Bart is Loved 
Verbs could be classified as action or psychological verbs. For each of these two types, actives, long passives, 
and short passives were included in the experiment.Table adapted from Perovic (unpublished manuscript, p. 2) 
 
Perovic tested twelve children with ASD (mean age: 11;06), and eight children with Asperger 
Syndrome (mean age: 13;01) and matched them to six groups TD children (mean ages: 4;0, 
5;1, 6;04 were matched with ASD; mean ages: 9;01, 10;06, 9;06 were matched with Asperger 
Syndrome),on receptive grammar, vocabulary and non-verbal reasoning. She found that 
children with Asperger Syndrome scored similarly on comprehension of all passives 
compared to typically developing children. However, children with ASD scored poor on all 
passives and on the whole showed poorer results than typically developing children with 
whom they were matched on age and gender. This indicates that there is a difference in 
performance within the group of ASD children.  
ASD and Greek passive comprehension 
Terzi, Marinis, Kotsopoulou, & Francis's (2014) research focussed on several grammatical 
features in HFA children, which included passive sentences, strong pronouns, clitic pronouns, 
reflexives pronouns, reflexives with a reflexive interpretation, and reflexives with a passive 
interpretation. This means there were six conditions in total, and for each condition six 
sentences were included in the experiment. Terzi et al. (2014) tested twenty HFA and twenty 
TD children, aged five to eight years old. The results of TD and ASD children were very 
similar, see table 2. 
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Table 2 - The results of Terzi et al. (2014) on passive verbs with passive interpretation and reflexive verbs with 
passive interpretation. 
Group Passive verbs with passive 
interpretation - correct (%) 
Reflexive verbs with 
passive interpretation – 
correct (%) 
HFA children 66.6 93.3 
TD children 70 94.9 
Table after Terzi et al. (2014)  
 
Terzi et al.’s results indicate that TD and HFA children perform similarly on understanding 
different types of passive sentences in Greek and thus do have a grammatical impairment 
when it comes to passives. 
ASD and Farsi passives comprehension 
Heshmati, (2013) investigated the comprehension of passives in Persian children with ASD. 
She distinguished between High-Functioning and Low-Functioning children with autism. She 
tested long passives, short passives, and actives, following the method and design of Armon-
lotem et al., (2016) (see section1.3.2). Heshmati’s results show that HFA children perform 
similarly to TD children on all types of passives and actives: no significant differences were 
found. Her results, see Table 3, indicate that children with HFA have similar grammatical 
abilities as TD children with regard to passive sentences. HFA, the High ASD group in table 
3, responded correctly in 90% of the cases, compared to 97% of TD children. 
Table 3 - Heshmati’s (2013) results. 
Group N  Response type Mean SD 
Low ASD 5 Target 51% 14 
  Reverse 34% 5 
  Other 12% 8 
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  Neutral 4% 3 
High ASD 5 Target 90% 12 
  Reverse 8% 8 
  Other 1% 3 
  Neutral 0% 1 
TD 10 Target 97% 3 
  Reverse 3% 3 
  Other 0% 0 
  Neutral 0% 0 
The results are given per participant group, response type (sentence type). Table after Heshmati (2013, p. 39). 
 
In sum, the findings of Perovic (unpublished manuscript), Terzi et al. (2014), and Heshmati 
(2013) provide important information about the outcome of passive sentence comprehension 
in children with ASD. Their results indicate that TD children and children with HFA often 
perform similarly on passives. Perovic’s results call for a strongly controlled group of HFA 
participants, as non-verbal reasoning, receptive grammar and vocabulary were tested in her 
work, but possibly other factors such as ADHD and IQ could play a role too. Hesmati 
distinguished between low- and high-functioning children and found difference in 
performance on passives, but Perovic does not make this distinction, which could have caused 
the poor performance of children with ASD in her study compared to the HFA children in 
Heshmati and Terzi et al.’s studies. 
 These previous studies only looked at passive comprehension, but not at how 
participants arrived at their interpretation of the sentence. It would be interesting to see how 
children with ASD and TD children process passive sentence and how they come to a 
conclusion on its meaning, as differences in reading behaviour or strategies could indicate 
differences in processing and possibly explain differences in comprehension. In this study, I 
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intend to look at both the process and the outcome, and ideally the link between the two. It 
could provide new insights into the comprehension of passives by Dutch children when these 
children are tested on both reading behaviour and comprehension of passives.  
1.4 Gazing and Reading Behaviour in ASD 
To my knowledge, no studies have looked at reading behaviour through eye-tracking in 
people with autism. Furthermore, I did not find any studies using eye-tracking on the 
processing of passives in TD children either. Studies using eye-tracking in people with autism 
mostly concerned social interactions. For example, Norbury et al., (2009) investigated fixation 
on social cues in teenagers with ASD, with and without language impairment, and matched 
TD peers while watching videos of social interactions. Their results showed that participants 
with ASD looked at eyes for shorter periods and fixated on them less quickly. The authors 
conclude that the difference between the TD and ASD groups’ gazing at eyes does not 
account for differences in communicative skills. When it comes to eye-tracking studies in 
young children, there are many that have focussed on social interactions and gazing 
behaviour. These studies show shorter fixation times on faces and people, as well as reduced 
interest in biological motion compared to TD controls (for a review see Falck-Ytter, Bölte, & 
Gredebäck, 2013).  
 Other eye-tracking studies in ASD populations concerned the neurological and 
cognitive foundations of autism. Rommelse, Van der Stigchel, & Sergeant (2008) reviewed 
studies that looked at studies on these topics using eye-tracking in ASD populations. These 
studies showed inconsistent results for all but one reviewed eye-tracking measure, 
antisaccades, which the authors link to social behaviour. Yet again, this study does not focus 
on reading and language processing.  
 Though the online processing of written sentences has not been studied in populations 
with HFA through eye-tracking, it has been studied using ERP. Pijnacker, Geurts, Lambalgen, 
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Buitelaar, & Hagoort (2010) studied the processing of language in context in eighteen Dutch-
speaking adults with HFA and Asperger Syndrome, compared to TD controls. They tested 
these participants on two contexts: sentence processing and solving reasoning problems. The 
task for sentences processing context comprised two conditions: incongruent and congruent. 
For example, “Finally the climbers reached the top of the tulip/mountain” (Pijnacker et al., 
2010, p. 2942). The solving reasoning stimuli consisted of several sentences. It contained a 
‘modus ponens’ information structure (If X then Y; X, therefore Y), which was preceded by 
either a congruent or disabling context, i.e. it either followed or violated the modus ponens. 
The solving reasoning problems stimuli were presented first, and participants had to choose 
yes, no, or maybe after each stimulus. The sentence processing stimuli were presented 
afterwards and participants read these sentences for comprehension only; they did not need to 
respond to them. The results showed that both the sentence processing and solving reasoning 
problems contexts showed a similar ERP effect in TD adults and adults with Asperger 
Syndrome. For the sentence processing context, an N400 and late positive component was 
observed; in the solving reasoning problem context, sustained negativity occurred. However, 
the results of the HFA group differed: neither the N400 nor sustained negativity was found, 
but this group did show a late positive component in the sentence processing context. This 
component was larger for incongruent sentences than for congruent sentences. The authors 
suggest that this difference in results indicates that the HFA group does no process semantics 
automatically, but that more comprehensive processes are at play. If this interpretation is 
correct, the HFA group would also show different results from TD controls in an eye-tracking 
experiment that involved reading sentences. Eye-tracking would be a valuable addition to the 
ERP data, because it gives insight into what participants look at when they read and in which 
words difficulties arise, whereas ERP results indicate that difficulties arise, but cannot 
pinpoint where these originate.  
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1.4.1 Eye-tracking measures  
If eye-tracking is used to measure processing in participants with HFA during reading, several 
measures can be used. Reading comprehension is an area of research that is too large to 
review in full in this study; therefore, only a limited number of measures is discussed. The 
measures described below are based on Radach, Hyona, and Deubel, (2003); Frenck-Mestre, 
(2005); Rayner, (1998); Clifton & Staub, (2012); and Rayner, Pollatsek, Drieghe, & Slattery, 
(2007) .The first measure that would be interesting to consider is the Total Reading Time 
(TRT), which is the total time until a participant has finished reading a sentence. A TRT is a 
sign that participants have to do much processing when reading the sentence, where a short 
TRT indicates fewer processing difficulties. When calculating the TRT, the length of the 
sentence needs to be considered (e.g. the number of characters participants read). 
 Another measure that could be considered is the First Fixation (FF). The FF consists 
of the duration of the first fixation on a region of interest (ROI). Fixation time is a useful 
indicator of lexical processing, as this is when new information from a sentence is obtained. If 
participants encounter a difficult word or syntactical structure, they have to solve this. The 
fixation time of the disambiguating word increases when readers interpret a syntactical 
ambiguous or uncommon structure. It is important to note that a reader can identify words 
using information of three or for characters (i.e. letters and spaces) on the left and up to eight 
characters to the right of a fixation; this means participants can sometimes read a word 
preceding or following the word that is fixated on.  
 Besides fixations, regressions provide important information on processing. The First 
Pass Regression (FPReg) provides information on regressions, which make up 10 to 15% of 
all fixations. It consists of the first regression to a region in the sentences that came before the 
current ROI during the first left-to-right passing of a sentence. This measure gives 
information about the number of regressions to a certain part of the sentence. It also gives 
information on where in a sentence readers experience a difficulty in interpretation and where 
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this came from, because when readers find that the syntactic structure they expected is proven 
wrong they often make a regression back to the region where the error in interpretation 
originates. This measure would provide information of where in the sentence this correction 
of expected syntactical structure occurred and which word was fixated on to solve this 
misinterpretation. However, skilled readers and poor readers show different regressions: 
skilled readers regress less frequently and to the part of the text where difficulty occurs, 
whereas poor readers show more backtracking in general. Therefore, it is necessary to assess 
the reading skills of participants when analysing this measure.  
 Another measure that should be considered is the Total Pass Reading Time (TPRT) 
per ROI. The TPRT consists of the duration of all fixations on a specific ROI, including 
fixations from the current ROI to previous parts of the sentence, until a fixation forward is 
made. This means the TPRT gives insight into reading time in relation to regressive reading 
behaviour. As these regressions implicate processing difficulties, this measure, together with 
the FPReg, gives insight into which ROIs in the sentence are difficult to process.  
 For these four measures, certain previous findings about the reading of sentences 
should be kept in mind. Firstly, the longer a word is, the more likely it is that the word is 
fixated on. Additionally, content words, such as nouns and verbs, are fixated on 85% of the 
time, yet only 35% of function words, such as determiners, receive fixations. Besides the type 
of word, the frequency of a word also plays a role in fixations: frequent words receive shorter 
fixations, or are skipped all together. The form and semantics of words play a role too, 
because one word can prime another; for example, ‘prince’ could prime ‘princess’ and 
‘knight’. 
1.4.2 Eye-Tracking in Children with ASD 
When using eye-tracking techniques with autistic children, certain trades found in ASD 
populations need to be considered. Children with ASD differ from typically developing 
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children not only in their social and communicative skills, but also in their attitude towards 
being touched and unfamiliar situations. Therefore, the eye-tracking device should be as 
unobtrusive and familiar as possible. This can be achieved by using an eye-tracker that is part 
of the display, or one that can be place on the table, rather than a head-mounted one. 
 Sasson & Elison (2012) provide further points of consideration for eye-tracking 
research in young autistic children. For example, they recommend familiarising the children 
with the experiment setting and/or letting a parent or care-taker be present, playing a clip the 
child likes before testing, and making sure the contrast between the brightness of the screen 
and the lighting of the room is optimal. Differences in brightness that are too large could be 
distracting or upsetting to the children with HFA.  
 
1.4.3 Vision in Children with ASD 
Children with ASD can exhibit sensory differences compared to TD children and these 
differences have been reported mostly on high-functioning individuals with ASD (Simmons et 
al., 2009). Accounts describe both hyper- and hyposensitivity to stimuli such as light, colours, 
and specific objects or people.  
 It is unclear whether ASD people distinguish shapes in the same way TD people do. 
De Jonge et al. (2007) found  normal discrimination skills, but Ropar & Mitchell, (2001) did 
not find normal discrimination skills and propose that individuals with ASD use previous 
knowledge when identifying visual objects, and as a consequence they process this 
information in a less top-down way. Object identification in ASD children appears similar to 
TD children’s performance. However, some results suggest that fine object discrimination 
tasks are more difficult for people with ASD (Behrmann et al., 2006). Any negative effects 
from differences in object identifications can be prevented as much as possible by using 
stereotypical images, which makes discrimination as unambiguous as possible. 
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 ASD children’s autism colour vision differs from that of TD children. ASD children 
show severe like or dislike towards certain colours. Besides reported anecdotes, several 
experiments indicate that ASD children have more difficulties with telling colours apart than 
TD children (Simmons et al., 2009). To avoid any influence of colour in pictures, black-and-
white pictures can be used.  
1.5 Direction of the current study and hypothesis 
The aim of this study is to answer the research question: the research question: “Do children 
and adults with HFA comprehend and process passive sentences differently from typically 
developing children and adults?”  
 As described in the previous sections of this chapter, there is the knowledge of 
grammatical abilities in children with HFA is incomplete and no study has been carried out on 
passives in Dutch-speaking children with HFA. The studies on passives in children with ASD 
and HFA by Terzi et al. (2014), Heshmati (2013) indicate that Greek- and Farsi-speaking 
children with HFA have good comprehension of passives compared to TD controls. Perovic 
(unpublished manuscript) found that English-speaking children with ASD performed more 
poorly than TD controls, but she did not distinguish between high- and low-functioning 
children, which may have influenced her results. However, the children with Asperger 
Syndrome, who do have average to high IQs, did perform well in her experiment. Based on 
these previous findings, I expect Dutch-speaking children with HFA to perform similarly to 
TD controls on passives.  
 The passives in used in this study are long actional passsives, with reversible, animate 
agents and patients. Long actional passives are thought to be acquired by age 5;0 and the 
results of Armon-Lotem et al. (2016) show that Dutch-speaking children have good command 
of this type of passives, though there were large differences in comprehension between 
participants. Moreover, English-speaking have issues with reversible passives, but German-
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speaking children perform well on reversible passives, and no different than on non-reversible 
passives. This difference is contributed to the fact that German is a V2 language. Dutch is a 
V2 language too. Therefore I expect the TD and HFA children to have a good command of 
these passives, as I expect them to perform similarly. Animacy can influence comprehension 
of passives, and animate agents and patients are perceived as easier by English-speaking 
children, than passives with inanimate patients. As all patients and agents are animate in this 
experiment, I do not expect animacy to negatively influence comprehension.  No studies have 
looked at passives in HFA adults, but since I expect children with HFA to do well, I expect 
the adults to do well too. In sum, I expect children and adults with HFA to have a good 
comprehension of long actional passives. 
 Though research has shed light on the comprehension of passives in children with 
HFA, it is unknown how they reach that comprehension. Eye-tracking during reading could 
provide insight into processing of passive sentences. An EEG study by Pijnacker et al. (2010) 
indicates that adults with HFA show different processing when reading sentences than TD 
controls. Therefore, I hypothesise that the HFA groups show different reading behaviour, 
which reflects differences in processing from TD controls.  
 In summary, I hypothesise that children with HFA will have similar comprehension of 
passives compared to TD children, but that the way they reach their comprehension will differ 
from TD controls. This hypothesis will be tested using an eye-tracking experiment that tests 
both comprehension and processing.  
Chapter 2: Methodology 
Subjects 
The participants were tested in the Language Lab at the Amsterdam Center for Language and 
Communication (ACLC) of the University of Amsterdam. There are four participant groups: 
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HFA children, TD children, HFA adults, and TD adults. All participants confirmed that they 
did not have ADHD, dyslexia, or other language development issues. An overview of 
participant groups is given in Table 4.  
Table 4 - Overview of the participant groups, ages per subgroup, and number of subjects per subgroup included 
in this study. 
Group Age range; 
(mean age) 
Mean age N of subjects Number of males Number of  
females 
HFA children 8,53 – 8,75;  
(8,64) 
8,64  2 1 1 
TD children 6,78 – 11,07; 
(9,15) 
9,15 13 6 7 
HFA adults 23,23 – 25,92; 
(24,98) 
24,98 3 2 1 
TD adults 22,63 – 29,65; 
(25,12) 
25,12 6 4 2 
 
Initially five children with HFA signed up for the experiment, but only two set final 
appointments to come to the Language Lab. The HFA children were recruited through contact 
lists from previous research, letters to schools for children with HFA, medical or 
psychological institutions that work with children with HFA, and calls for participation in 
Facebook groups focused on parents of children with HFA. The adults with HFA were 
recruited through social media and through my private network. For all participants, 
grammatical skills and nonverbal IQ were tested. Grammatical skills were tested through the 
Dutch version of the CELF sentence repetition task Zinnen Herhalen (Semel, Wiig & Secord, 
2003). The children’s non-verbal IQ was measured through a subset of the WISC-III, Dutch 
version (Wechsler, 1991). According to Donders (1997), a specific subset of the WISC-III can 
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yield reliable results, and the three subsets used to test the children’s non-verbal IQ are taken 
from his selection. The three subsets that were administered are: Picture Completion, Coding, 
and Block Design. The adults’ non-verbal IQ was measured through the Raven Standard 
Progressive Matrices test (De Lemos & Raven, 1989).  
 To verify that the TD participants did not have a form of autism and the HFA children 
did, the Children’s Communication Checklist – Dutch version (Geurts, 2007) was filled out 
by all parents. For the adults, the questionnaire by Baron-Cohen, Wheelwright, Skinner, 
Martin, & Clubley (2001) was translated into Dutch and administered.  
 Socio-economic status, reading level (for the children), and time spent reading were 
considered as background variables. 
Materials 
The eye-tracking experiment consisted of 27 sentences in total, and comprised three 
conditions: i) long actional passive sentences, ii) active sentences, and iii) intransitive (filler) 
sentences, such as examples (1-3).  
 (1) De piraat wordt geslagen door de clown 
 (2) De vader omhelst de jongen 
 (3) De zon schijnt achter de wolken 
The passive and active sentences contained action verbs and the agents and patients were 
animate, as animacy affect passive comprehension, and logically reversible. To ensure 
reversibility, long passives were used to include both nouns in the sentence. Additionally, the 
verbs and nouns used in the experimental sentences, conditions i and ii, were controlled for 
frequency using the SUBTLEX-NL Corpus (Keuleers, Brysbaert & New, 2010). Certain 
nouns were less frequent than others, but were still chosen, such as ‘prinses’(princess) and 
‘ridder’ (knight). These nouns are more common in child directed speech and children’s 
stories than in the speech included in the SUBTLEX-NL Corpus, which consists of film and 
TV series subtitles. All nouns occurred four times and were balance for agent and patient 
31 
 
roles across sentences. Furthermore, the word length of all nouns and verbs was kept constant: 
between five and eight letters. Eighteen sentences were created in both active and passive 
mode, as well as nine filler sentences. A full list of all these stimuli sentences can be found in 
Appendix III. The experiment was run through Eprime and this programme was used to select 
nine active and nine passive sentences and order them semi-randomly with the filler 
sentences. The semi-random order entailed that no more than three sentences of the same 
condition were presented in a row.  
 All selected nouns occurred four times in the stimuli sentences of conditions i) and ii) 
and they were balanced: the same noun served twice as an agent and twice as a patient. All 
nouns were animate and all verbs were action verbs. Furthermore, semantically similar nouns 
were balanced for condition i) and ii), such as “kussen” (to kiss) and “zoenen” (to kiss, to 
make out), and “meppen” (to slap), “schoppen” (to kick), “stompen” (to punch) and “slaan” 
(to hit), “kietelen” and “kriebelen” (both: to tickle), “omhelzen” (to embrace) and “knuffelen” 
(to cuddle), and “tekenen” (to draw) and “schilderen” (to paint). An overview of these 
semantically similar, and therefore balanced verbs, can be found in Table 9.  
Table 5 - Verb Categories 
Category number Category name Verbs Meaning 
1 Physical Meppen 
Schoppen 
Stompen 
Slaan 
Hit 
Kick 
Punch 
Beat 
2 Kissing Zoenen 
Kussen 
Kiss 
Kiss 
3 Art Tekenen 
Schilderen 
Draw 
Paint 
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4 Tickling Kietelen 
Kriebelen 
Tickle 
Tickle 
5 Cuddling Omhelzen 
Knuffelen 
Embrace 
Cuddle 
 
To maximise participants’ pupil dilation and to optimise eye-tracking conditions, the 
sentences were presented in white letters on a black background. The sentences were printed 
in Times New Roman. Fonts can influence reading times for children with language 
impairments, but this has not been looked into for children with autism (Matic, Kuvac 
Kraljevic and Kovacevic, unpublished manuscript). Therefore this basic type of font was used 
nonetheless.  
  The test consisted of two tasks: besides reading a sentence, participants had to choose 
a picture to match the sentence. The pictures were adapted from Duinmeijer (to appear) and 
De Jong (2015). For condition i) and ii), these pictures represented the sentence itself and the 
sentence in which the agent and patient were swapped. For condition iii), one picture 
corresponded to the sentence and the other had some relation to the content of the sentence, 
but was clearly distinguishable. For example, the filler sentence “De dolfijn springt uit het 
water” (The dolphin jumps out of the water) had a picture of a dolphin jumping above waves, 
but the second picture was a parrot. Dolphins and parrots are both animals, but it is highly 
unlikely a parrot would jump from the water, which makes them easy to differentiate.  
All pictures were black-and-white, as bright colours could be distracting or affect HFA 
children (see section 1.4.2). Additionally, a depicted character, e.g. that of a man, was not 
used for another noun. This means that “meester” (schoolmaster) and “vader” (father) could 
not have a similar image representing them, but that one single depicted character could 
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represent “meester” in two sentences. The side of the screen on which the correct image 
occurred was also semi-randomised. 
 An example of the pictures belonging to the sentence: “De prinses bekijkt de prins” or 
“De prins wordt bekeken door de prinses” is displayed in Figure 1. The prince is looking at 
the princess (left picture), whereas on the right the princess is looking at the prince (right 
picture).  
 
 
Figure 1: The pictures belonging to the stimuli sentence: “De prinses bekijkt de prins” or “De prins wordt 
bekeken door de prinses”. In the right-hand picture, the prince is looking at the princess, which makes it the 
incorrect picture. On the left-hand picture, the princess is holding the binoculars, which indicates she is looking 
at the prince. Therefore this picture is the target picture. The pictures are an adaptation of Duijnmeijer (to 
appear). 
All characters in the images were clearly distinguishable from each other and contained 
stereotypical features. In figure 1, both the prince and the princess are wearing crowns, which 
make them royalties, and the princess is wearing a dress and has long hair, which makes her 
stereotypically female.  
 The eye-tracker used in this experiment was a Tobii with a sample rate of 120 Hz. 
Procedure 
Each participant was tested individually in the Language Lab at the Amsterdam Center for 
Language and Communication (ACLC) at the University of Amsterdam for the eye-tracking 
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experiment. As for the WISC-III a, the Ravens Standard Progressive Matrices, and the CELF 
sentence repetition task, participants were tested in a quiet, separate office in the ACLC. 
Participants came into the building and were taken to the eye-tracking booth. In the booth, one 
of the experimenters, a native Dutch speaker, introduced all present experimenters (one up to 
four experimenters and/or research assistants were present), explained what the equipment 
was and what the experiment was going to look like. The procedure was as follows: 
1. The experimenter introduced him/herself and the other experimenters or research 
assistants, explained what the eye-tracker was and what it did, seated the participant, and 
made sure the eye-tracker was in the right position, so it had a good view of participant’s 
pupils. Participants were asked to sit up straight and keep their heads still throughout the 
experiment. Participants’ eyes were approximately located 60 cm from the eye-tracker’s 
screen.  
2. Calibration was explained and performed. If calibration was unsuccessful, then the 
procedure was performed again until sufficient calibration had been reached.  
3. Participants received instructions on the eye-tracking experiment itself and were given a 
keyboard. They were told that they would read a number of sentences at their own pace. 
After they had finished reading they had to press the spacebar, after which two pictures 
appeared. Participants were instructed to choose which picture matched the sentence that 
had just been displayed. If participants wanted to choose the right-hand picture, they 
pressed ‘z’, and when they wanted to choose the left-hand picture they pressed ‘m’. To 
make the use of the correct keys easier, stickers (a pink star and a blue heart with white 
edges, though the colours were indistinguishable in the dimly lit booth) were placed on the 
‘z’ and ‘m’ keys. Before a sentence was displayed, as well as before the pictures appeared, 
a fixation cross was presented in the middle of the screen. The purpose of it was to make 
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sure that the starting point regarding participant's eye-movements was the same for each 
trial.  
4. Participants performed four practice sentences before the actual experiment started. The 
experimenter was available for questions throughout these four trial sentences and 
participants were encouraged to ask questions if they were uncertain about the procedure. 
After these four practice sentences, the participants were asked whether they understood 
the procedure and if they were ready to start the experiment. If they confirmed, the 
experiment would be started and the experimenter left the booth. Otherwise, instructions 
would be repeated until the participant had understood the procedure and felt certain.  
5. If participants had arrived in a group, which was the case for all TD children, the 
participants had a short break between the eye-tracking experiment and the CELF 
sentence repetition task and WISC-III or Raven. If participants had arrived alone, they 
would be taken to a small office and asked if they wanted to drink some water, have a 
bathroom break, or some time to recover. As soon as participants were ready, the CELF 
sentence repetition task and either the WISC-III or Raven were administered.  
6. After all the tests were completed, participants were rewarded: a small gift (TD children), 
a small monetary compensation (HFA children), and a snack and drink (everyone). 
Chapter 3: Results 
In this chapter I will list the results of the four participant categories: HFA adults, HFA 
children, TD adults, and TD children on the comprehension of active and passive sentences. 
Unfortunately, the collection eye-tracking data was unsuccessful, as most participants’ data 
sets turned out to be too incomplete to be used for analysis. Only seven out of twenty-four 
sets were complete enough to analyse. The eye-tracking data of the HFA children, two of the 
three HFA adults, and most TD children are lack data for half or more of the stimuli 
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sentences. Therefore this chapter will only contain a description of the comprehension results 
of all participant categories.  
3.1. Descriptive analysis 
In this section I will describe the results of the picture selection task, that is, the 
comprehension of passives: whether the participants chose the picture that corresponded with 
the sentence they read or not. First, to make sure the experiment did not influence the 
collected data negatively, the collected data were checked for an effect of stimuli sentences 
and for a possible order effect.  
3.1.1 Participants 
Due to the small number participants, TD and HFA groups could not be sufficiently matched 
on grammatical skills and non-verbal IQ. The HFA children are compared to TD children of 
the the same age group in section 3.2.1. Information grammatical skills and non-verbal IQ 
was collected and will be regarded, as it could account for different results between groups. 
The results for these tests are listed in Table 5. 
Table 6 - Results of the non-verbal IQ tests (WISC-III and Raven) and grammar ability test (Zinnen Herhalen) 
per participant category 
Group  WISC-
III – 
mean 
norm 
scores 
WISC-
III - 
range 
Raven – 
mean 
percentiles 
Raven – 
percentile 
range 
Zinnen 
Herhalen – 
mean 
percentiles 
Zinnen 
Herhalen - 
percentile 
range 
HFA 
children 
 11 10 – 12 X X 69 63 - 75 
TD 
children 
 12,36 10 - 15 X X 65,92 50 – 95 
HFA 
adults 
 X X 25 19 – 31 77,2 37 – 99,6 
TD  
Adults 
 X X 52,8 25 - 100 91,5 75 – 98 
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As shown in Table 5, the norm scores on the WISC-III between the TD children and children 
with HFA are relatively close, which indicates their non-verbal IQs are similar. The Zinnen 
Herhalen mean percentile scores of the HFA and TD children groups are similar as well, 
though the range of the TD group is much larger.  
 There is more variance between the HFA and TD adults than between the children. 
One of the three HFA adults had an unreliable score on the Raven test. He scored at the 19
th
 
percentile, but with an internal consistency deviation of 4, where 2 is the maximum deviation 
for a reliable score. The other two HFA adults’ scores were in the average non-verbal IQ 
range of the 25
th
 to 75
th
 percentile. Regarding the TD group, one participant had a perfect 
score on the Raven, which elevates the average score significantly. All other five TD adults 
scored within the average non-verbal IQ range of the 25
th
 to 75
th
 percentile. All adults, both 
TD and HFA, were assessed on grammatical skills through the Zinnen Herhalen test on the 
correction scales of 18-year-olds, as this is the oldest age group included in the CELF (Semel, 
Wiig, & Secord, 2003). As all participants were older than 18, this could explain their very 
high percentile scores. One HFA adults struggled with the Zinnen Herhalen task and scored at 
the 37
th
 percentile. She indicated that she had difficulties focusing on the spoken sentences 
and that remembering written sentences was easier for her. This, together with the fact that 
she is a university graduate and therefore does have an at least average grammatical skills, 
were reasons for including her in the experiment. 
 To verify that children in the HFA group did have HFA and that the TD children did 
not have HFA, the CCC-2-NL (Geurts, 2007) was administered. The Social Interaction Scores 
(SIS) of all participants were calculated, because this score can uncover a communicative 
profile that is characteristic for children with autism. All TD participants scored within the 
typically developing range. One of the HFA children scored in the problematic range, which 
indicates she has a form of autism. The other HFA participant scored in the range of the TD 
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children. Due to his official ASS diagnosis and the small sample of HFA children, this 
participant was still included in this study.  
 To verify that all TD adults did not have autism and that the adults with HFA did, the 
adult groups filled out a translated version of the questionnaire used by Baron-Cohen et al. 
(2001), which can be found in Appendix II. The participant filled out questions on e.g. their 
preferences and interests, which resulted in an Autism Quotient (AQ) score. The results are 
displayed in Table 6.  
Table 7 - The adults' AQ scores 
Participant 
number 
Group Sex Age ASD 
Score 
15 TD M 29,65 23 
22 TD M 24,93 29 
20 TD F 24,32 6 
23 TD M 23,99 15 
21 TD F 22,72 5 
25 TD M 22,63 17 
19 HFA M 25,92 31 
24 HFA F 25,77 29 
18 HFA M 23,23 24 
 
Some of these scores are problematic, as they do not fall within one standard deviation of the 
mean scores per participant group that Baron-Cohen et al. (2001) found. These scores are 
listed below in Table 7. 
Table 8 - Average AQs and standard deviations for different groups. After Baron-Cohen et al. (2001). 
Group Average total AQ Standard Deviation 
AS/HFA total 35.8 6.5 
AS/HFA male 35.1 6.9 
AS/HFA female 38.1 4.4 
Controls (TD) total 16.4 6.3 
Control males (TD) 17.8 6.8 
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Control females (TD) 15.4 5.7 
Students total 17.6 6.4 
Students male 18.6 6.6 
Students female 16.4 6.1 
 
Participant 19, an HFA male adult, has an AQ fitting with Baron-Cohen et al.’s average AQ 
for HFA males. However, the other two HFA adults have AQs that are not within the average 
AQs that Baron Cohen et al. (2011) list. Regarding the female HFA adult scored an AQ of 29, 
which is more than one standard deviation below the average for HFA women, but still falls 
within one standard deviation from the HFA total AQ, which makes her score acceptable for 
an HFA participant. As for the last male HFA participant, his score is harder to place: it is far 
below the HFA male’s average AQ of 35.1, and within one standard deviation from the TD 
male’s AQ of 17.8 (SD 6.8). The reason for including this participant, despite his AQ score, is 
that he has been diagnosed with ASD as a child.  
 Concerning the TD adults, both female participants have AQs that are far below the 
average for TD females. This means that their scores deviate even more from the HFA 
group’s score and that they can be included in the TD adult group. Three of the four male TD 
adults’ AQ scores were within one standard deviation of the Student Male AQ score in Baron-
Cohen et al. and can therefore be included in the TD Adult group. One of the TD adult males, 
participant 22, has an AQ that is within the ASD range. It is worth noting that this participant 
is a theoretical physics PhD student, one of the fields of study for which Baron-Cohen et al. 
(2001) calculated average AQs. The average AQ for physical science students is 19.6 with a 
standard deviation of 7.8. Even for this group, this participant’s score is more than one 
standard deviation above the average. After consulting this participant and his mother about 
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any possible suspicions of autism, it was decided to include the participant, because it is 
highly unlikely that he has ASD.  
 Socio-economic status and time spent reading outside of school or work were 
considered as background variables. The socio-economic status of participants was assessed 
through a questionnaire. These questionnaires were different for the adults and children. The 
children’s questionnaires were filled out by a parent or caretaker and included questions on 
the parents’ education and occupation. Though there is no single definition of socio-economic 
status, parents’ education and occupation are used regularly (Caro & Cortés, 2012; 
Mezzacappa, 2004; Harper & Morton, 2007). The adults filled out the questionnaire 
themselves, which contained questions on their parents’ and their own educational level and 
occupation. The reason for including these is that the parents’ level of education, on not only 
the participants’ on level of education, is that their parents’ education levels can influence 
children’s school performance, e.g. reading skills (Caro & Cortés 2012). The SES scores were 
calculated in different ways for children and adults. For all participants, the highest finished 
level of education of their parents was given an SES score. The scores ranged from one to six 
and were assigned for the categories (low to high): primary school, VMBO (including 
MULO, MAVO and VMBO-t), MBO, HAVO/VWO, HBO, and WO (based on Boerma, 
personal correspondence). The scores of the two parents were averaged. For the children, this 
averaged score was their SES score. For the adults, their own highest finished level of 
education was scored and averaged with their parents’ score, i.e. half of the TD and HFA 
adults’ SES scores consisted of their own level of education and half of parents’ level of 
education. An overview of these scores is given in Table 7.  
Table 9 - SES scores per participant category. 
Category Mean Median Range N 
HFA children 4,75 4,75 4 - 5,5 2 
HFA adults 4,08 4,75 2,5 – 5 3 
TD children 5,70 6,00 4,5 – 6 13 
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TD adults 5,38 5,63 4 – 6 6 
 
All SES scores, except for one HFA adult, had an SES score of over four. The TD children 
and adults have higher SES than the HFA children and adults, due to the recruitment method: 
Most of the TD adults are part of my social circle and have a HBO or University degree. Most 
TD children were recruited through academic staff at the University of Amsterdam and 
therefore have parents with a high education.  
 Additionally, the adults were also asked about the time they spent reading outside of 
work or study. Regarding the children, their reading levels and the amount of time they read 
outside of school were asked, as those could explain differences in reading times and 
comprehension. These questionnaires can be found in Appendix I. Not all parents filled out 
the reading levels: some left the question blank or replied with words such as ‘good’. The 
results for time spent reading showed that most children read outside of school and that the 
older children spent more time reading than the younger ones. Most children read (comic) 
books and websites. All adults spent 30 or more minutes per day reading and also read books 
and websites, and a few read other things such as newspapers and stories in computer games.  
3.1.2 Sentence effect 
All stimuli sentences were numbered. The number of errors that all participants made is 
shown per stimuli sentence in Figure 2. 
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Figure 2 Analysis of the errors participants made per stimuli sentence. Only the sentences participants made 
errors in are shown. The y-axis shows the number of mistakes; the x-axis shows the stimuli sentence numbers. 
 
Stimuli sentences 5 and 11 have a higher number of errors than all other sentences. A review 
of these two sentences indicates that the sentences are difficult when it comes to the picture 
choice. Stimuli sentence 5 consists of the sentences: De prins wordt bekeken door de prinses 
(The prince is looked at by the princess) in passive mode, and De prinses bekijkt de prins in 
active mode (The princess looks at the prince). The pictures of this sentence are shown in 
chapter 3, Figure 1. In these pictures the prince and princess are looking at each other, though 
the princess is using binoculars, which makes her the active ‘looker’. However, the prince is 
also looking the princess, which causes ambiguity.  
 Stimuli sentence 11 consists of the sentences De jongen knijpt de dokter (The boy 
pinches the doctor) and De dokter wordt geknepen door de jongen (The doctor is pinched by 
the boy). It is very likely that this sentence, though semantically possible, interferes with the 
participants’ knowledge of the world: a doctor is a respectable person that you should not 
hurt. The errors are not due to the mode of these two stimuli sentences: four of the made 
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errors for these stimuli sentences were in active mode, the other five in passive mode. Due to 
the high number of errors in these sentences, these sentences were excluded from the analysis.  
3.1.3 Order analysis 
The order of the stimuli sentences was different for all participants, but they were all shown 
27 sentences and the two assigned pictures per sentence. Each sentence was assigned a trial 
ID. Trial ID 1 means that it was the first sentence a participant saw, ID 2 means the second 
sentence, etc. An analysis of errors across trial IDs is displayed in Figure 3.  
 
Figure 3 Number of errors for per trial ID. The trial IDs at which no errors occurred are not displayed. The y-
axis represents the number of errors; the x-axis shows the trial IDs. 
The number of errors per trial ID never exceeds two. Out of the sixteen errors that the 
participants made, six occur in the first fourteen trials in the experiments, and ten occur in the 
second half of the experiment. To check whether children experienced fatigue, where the 
adults did not, the graph in Figure 3 has been adjusted in Figure 4 to show different 
participant groups.  
0
1
2
3
1 7 8 9 13 17 18 19 20 21 22 25 27
Number of errors per Trial ID 
44 
 
 
 
Figure 4 Number of errors per Trial ID. Only the Trial IDs at which errors occurred are displayed. The errors 
are shown for different participant groups. The y-axis shows the number of errors; the x-axis shows the trial ID. 
 
When divided into the participant groups, Figure 4 shows that the TD children made six errors 
in the first half of the experiment and eight in the second half of the experiment. The HFA 
child and adult both made an error at the end of the experiment, but as this is only one mistake 
in the entire experiment, no order effect was detected.  
3.2 Performance by participant groups 
The absolute number and percentages of errors per group were calculated. All groups have a 
different numbers of participants; therefore, absolute numbers and percentages are listed. As 
highlighted before, none of the individual participants made more than two mistakes in their 
27 trial sentences. This indicates that all participants grasped the task and no participants need 
to be excluded, because they did not understand the experiment (after Armon-Lotem et al., 
2016; see section 1.3.2). The absolute numbers and percentages of errors for the passive and 
active sentences per participant group are given in Table 10. 
Table 10 Numbers and percentages of errors per participant group 
Group Actives Actives Passives Passives 
0
1
2
3
1 7 8 9 13 17 18 19 20 21 22 25 27
Number of errors per Trial ID 
TD child
HFA child
HFA adult
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(errors/total 
number of 
trials) 
(errors in 
%) 
(errors/total 
number of 
trials) 
(errors in 
%) 
TD 
child 
 
4/(104) 3,8% 
 
10/(104) 9,6% 
HFA 
child 
 
1/(16) 6,3% 
 
0/(16) 0,0% 
TD 
adult 
 
0/(48) 0,0% 
 
0/(48) 0,0% 
HFA 
adult 
 
1/(24) 4,2% 
 
0/(24) 0,0% 
Overall, all participants performed quite well: three of the four groups made no errors in the 
passives, and the TD children selected the correct picture in 90.4% of the trails. The TD adults 
performed at ceiling level: they made no errors at all. The HFA adults performed near ceiling 
level, with just one error in the active sentences; they chose correct pictures for all passive 
sentences. The HFA children answered all passive trials correctly, and one error occurred for 
the active trials in this category. The TD children show the highest percentage of errors: 
almost 4% for active sentences, and 9.6% for passive sentences. To be able to compare the 
HFA and TD children, a comparison in which the TD children are divided into age groups is 
necessary. 
3.2.1. TD vs HFA children 
The age range of the TD children is 6.78 to 11.09 years old, but the HFA children are 8.53 and 
8.75 years old. Therefore, to make a useful comparison, the TD children were separated into 
three age groups: 6- to 7-, 8- to 9-, and 10- to 11-year-olds. The make-up of the age groups is 
displayed in Table 11. 
Table 11 Make-up of the different age divided participant groups 
Category N 
6-7 TD 3 
8-9 TD 6 
8-9 HFA 2 
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10-11 TD 4 
 
Most TD participants, four girls and two boys, are in the same age range as the children with 
HFA. The 6- to 7-year-olds and 10- to 11-year-olds are small groups, but important to review 
separately. The 6- to 7-year-olds are cognitively less developed, which could make the task 
harder, and have little reading experience, as six is usually the age when Dutch children learn 
to read in school. The 10- to 11-year-olds, in turn, are further in their cognitive development 
and probably have more advanced reading skills and more reading experience, which could 
me the task easier for them. Moreover, these older children have also had more input of 
passives. The absolute number of errors and the error percentages regarding the active and 
passive sentences for the TD groups and the HFA group are shown in Table 12  
Table 12 Numbers and percentages of errors for TD and HFA children, when divided into age groups 
Group Actives 
(mistakes/total 
number of 
trials) 
Actives 
(errors in 
%) 
Passives 
(mistakes/total 
number of 
trials) 
Passives 
(errors in 
%) 
TD - 6-7 0/(24) 0,0% 3/(24) 12,5% 
TD - 8-9 1/(48) 2,1% 4/(48) 8,3% 
HFA 8-9 1/(16) 6,3% 0/(16) 0,0% 
TD - 10-11 3/(32) 9,4% 3/(32) 9,4% 
 
All participant categories show a majority of correct responses. The 8- to 9-year-old TD 
children make few errors in the actives, only one out of forty-eight, but they made four out of 
forty-eight mistakes in the passives. The HFA children have no errors in passive sentences and 
they made one error made in the actives. The 10- to 11-year-old TD children made as many 
errors for passives as for actives: three out of thirty-two.   
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Chapter 4: Discussion and Conclusion 
4.1 The picture-selection results 
As described in section 3.2.1, the performance of the TD adults is at ceiling level (they made 
no errors in the experiment) and the HFA adults performed near ceiling level (one error in 
total in this group). These results indicate that both the HFA adults and the TD adults master 
comprehension of passive sentences. The results of the HFA children are also at ceiling level 
for passive sentences: neither of the two HFA children made any mistakes in the passive 
sentences; the only mistake made in the group was in an active sentence. The results indicate 
that the HFA children and adults have unimpaired long, actional passives in their grammars, 
same as the TD adults. These findings are in line with Terzi et al. (2014) and Heshmati 
(2013), who also found no difference between HFA and TD children. Perovic (unpublished 
manuscript) did find poor performance in the ASD group compared to TD controls, but in her 
study the children with ASD are not tested on IQ and could be low-functioning. Hesmati 
found that Farsi-speaking low-functioning autistic children showed poorer performance than 
the HFA and TD groups, which makes a low-functioning ASD group in Perovic’s study a 
plausible option.  
 The TD children were the only group that made errors in passive sentences: they chose 
the wrong picture in 9.6% of the passive stimuli sentences. Their performance on active 
sentences was better, though not at ceiling level, at 3.8% errors. These scores show that some 
of the TD children may have problems with passives. This result should be considered 
cautiously, as the number of participants is small and large individual differences could occur. 
This number of participants could not balance individual differences out. However, the TD 
children cover a wide age-range and should be discussed in age groups. 
 When divided into age groups, the TD 6- to 7-year-olds make most mistakes: three out 
of twenty-four trials (12.5%). This is in line with current literature, which indicates that 
passives are acquired late, especially the long passives used in this experiment. Another factor 
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that could play a role is that these children are not yet proficient readers: the stimuli sentences 
may have been too difficult for them. Unfortunately, not all parents filled out the reading level 
their child has reached and therefore this factor cannot be accounted for.  
 The 8- to 9-year-olds all have more reading experience and are further in their 
cognitive development. The HFA children have an average age of 8.6 and the TD children in 
this age range are 9.2 on average, which would give the TD children a slight advantage: they 
have had more time to develop cognitive and reading skills. However, the HFA children 
perform better on passives: they make no mistakes, whereas the TD children of the same age 
chose four out of forty-eight pictures (8.3%) incorrectly. Both the HFA and TD 8- to 9-year-
old groups made one error in the active sentences, which indicates that they have good 
comprehension of actives. The results for the TD 8- to 9-year-olds indicate that children’s 
comprehension of passive sentences improves, though better reading skills than the younger 
children probably play a role too.  
 The oldest age group, the 10- to 11-year-olds are expected to have the most developed 
cognitive and readings kills, and therefore expected to make the fewest errors. Interestingly, 
as shown in Table 12, the 10- to 11-year-olds make more errors, in both actives and passives 
(9.4% for each), than the 8- to 9-year-old TD children, who answered incorrectly for 2.1% of 
the actives and 8.3% of the passives. Moreover, the number of errors in actives and passives is 
the same in the oldest TD children. The error percentage in the actives is far below chance, 
which indicates that the children did understand the task. These results indicate that either 10- 
to 11-year-olds have more trouble with all sentences than the 8- to 9-year-olds, or that there is 
something about the design of the experiment that causes the 10- to 11-year-olds to make 
more errors. It is unlikely that the children’s language skills have deteriorated from age 8 to 9 
to age 10 to 11, which makes a flaw in the experiment’s design a more likely explanation for 
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this result. However, the error distribution could also be caused by the small number of 
participants. 
 The design of the study may have affected the results. For the younger children, the 
experiment required much effort: their hands are small, which makes the keyboard difficult to 
handle. Additionally, they probably were unfamiliar with the keyboard. The smallest children, 
mainly the 6- and 7-year-olds, were too small to sit behind a table and had to balance the 
keyboard on their laps. They had to pay attention to the layout of the keyboard to find the 
right keys, even though the ‘z’ and ‘m’ keys had been marked with stickers. This meant that 
the younger children had to slow down to find the right key, besides the fact that they on 
average probably read more slowly. The 10- to 11-year-olds can read quickly and are on 
average probably more familiar with the keyboard layout. They could sit behind the table and 
keep their hands on the keyboard, which enables them to make rapid picture decisions. It is 
possible that the 10- to 11-year-old children wanted to go through the experiment too quickly 
and made errors due to their speed. This would explain the higher error percentage, as well as 
the fact that the percentage of errors for actives and passives is almost equal.  
4.2 Acquisition of passives 
This experiment cannot add to the debate on how passives are acquired, because it not was 
designed for this. Additionally, even if it had been the purpose of this study, the group of 
participants would have been too small. As stated in section 1.3.2.2, individuals differ in their 
performance on passive comprehension. The sample in this study is too small to even out 
these differences and therefore unsuitable to draw any reliable conclusions. Nevertheless, 
certain trends seem to arise in the three age groups of TD children that are reviewed in the 
result section. There are differences between these groups that could be related to the 
acquisition of passives. Input-based theories as well as grammar-based accounts of acquisition 
could account for the finding that 6- to 7-year-old children still struggle with passives: this 
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group has received the least input and is less advanced in their cognitive development. 
Though, the errors in the passive stimuli sentences could have been caused by insufficient 
reading levels. 
 Both input- and grammar-based theories could account for the 8- to 9-year-old TD 
children and children with HFA performance at or near ceiling level on passives. They 
perform better than Armon-Lotem et al.’s (2016) findings for 5-year-old Dutch-speaking 
children, who answer 82.31% of the long passive sentences correctly. The HFA 8- to 9-year-
olds scored 100% correctly, and their TD peers 91.8% in the current study. These older 
children have received more input and have had more time to develop their grammar, which 
makes both theories possible.  
 The results of the 10- to 11-year old TD children must be disregarded when it comes 
to theories on the acquisition of passives, because their results have most likely been 
influenced by the design of the experiment: this group probably wanted to pass through the 
experiment so quickly that they made more errors, in active and passive sentences. 
Influence of Background variables on Passive Acquisition 
 The participants could not be matched on nonverbal IQ or grammatical skills, but 
differences in these measures do not appear to explain differences between the different 
participant groups. The HFA adults had lower scores on the Raven (nonverbal IQ) and Zinnen 
Herhalen (grammatical skills) than the TD adults, though individual participants distorted the 
mean scores, but the HFA adults’ performance on passive comprehension does not appear to 
be affected by this.  
 The HFA children and TD children had close norm scores on the WISC-III (nonverbal 
IQ), 11 and 12.36 respectively, and percentiles on the Zinnen Herhalen (grammatical skills): 
69 and 65.92 percentile. The HFA children’s IQ scores are slightly lower, but this does not 
influence their performance on passive sentences, since that is at ceiling level. Their higher IQ 
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scores would be expected to give the TD children an advantage over the HFA children, but 
this advantage is not found in the results. With regards to the Zinnen Herhalen percentiles, the 
HFA children have higher scores on grammatical skills than the TD children, which could be 
an explanation for their better performance on passive sentences.  
 SES and time spent reading outside of school/work were considered as background 
variables. The SES scores of the HFA adults and children were lower than those of the TD 
adults and children: 4.08 and 4.75, and 5.38 and 5.7 respectively. SES is said to have an effect 
on reading skills in children, but this was not found in the results of this study: the TD and 
HFA adults performed similarly and the HFA children did better than their TD peers. This 
could be due to the relatively easy and short stimuli sentences. The time spent reading outside 
of school/work was similar for all adult groups and the child groups. As the children with 
HFA performed better than their TD peers, but spent approximately the same time reading 
outside school, this reading time variable does not account for the differences in performance 
between the groups.  
4.3 Analysis of the eye-tracking data 
The picture-selection task data yield answers to one half of the research question; the other 
half of the research question concerns the processing of the passive sentences of the 
experiment, to see if there are any differences in processing between TD and HFA 
participants. Unfortunately, the eye-tracking data collected in this experiment were too 
incomplete to analyse and draw a comparison between TD and HFA participants and between 
children and adults, as only seven out of twenty-four sets of data were at least for 2/3 
complete (these sets do not include the two HFA children and two of the three HFA adults). 
Therefore, this study cannot  report on the processing of passive sentences during a reading 
task. Ideally, there would have been eye-tracking data from two paradigms: from reading the 
sentences and from looking at the pictures. Though the data from the reading paradigm yield 
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an answer to this half of the research question, the data from the picture selection matter, as 
this contains information on how the children selected the picture. I will discuss the 
possibilities of these two paradigms separately. 
4.3.1 Analysis of sentence-paradigm eye-tracking data 
An analysis of eye-tracking measures would provide insight in to the differences and 
similarities of the reading behaviour of passive sentences between the HFA and TD 
participant groups, as well as between children and adults. This reading behaviour can 
disclose how participants process passive sentences, where they possibly encounter 
difficulties, and how they solve these difficulties. Four measures that could be used for this 
are defined in section 1.4.1 and are discussed below in the context of the current experiment. 
 The first measure that could be interesting to consider is the Total Reading Time 
(TRT). This could, in theory, be calculated without eye-tracking data by using the response 
times in Eprime (the programme in which the experiment was programmed). Eprime records 
the time between appearance of the sentence and the pressing of the spacebar. This type of 
reaction time data is not used in the analysis in this paper, because it is highly unreliable in 
my data. Many of the children and some of the adults read the sentence and then looked down 
at the keyboard to see where the key was they wanted to press. Sometimes participants forgot 
they had to press a key after reading the sentence and stared at the screen for a few seconds 
before pressing the spacebar. A large TRT is a sign that participants have to do much 
processing when reading the sentence, where a short TRT indicates fewer processing 
difficulties. In the case of the TD and HFA children, the TRT would also need to be checked 
for reading level, as children with lower reading levels need more time to read sentences. 
Differences in TRT between HFA and TD participant groups would indicate differences in 
processing between the two groups, when reading levels are controlled for. Furthermore, 
differences in TRT between active sentence stimuli and passive sentence stimuli would 
53 
 
indicate which sentences take more processing time. Active sentences are unmarked in Dutch 
and would therefore be expected to have a lower TRT. 
 Besides how long participants took to read an entire sentence, how long they look at 
individual words matter too. A measure that could account for this is the First Fixation (FF). 
The FF consists of the first fixation on a word or region of interest (ROI). The regions of 
interest were the first NP, the verb and the second NP in the active sentence stimuli, and the 
first NP, the VP and the PP in the passive sentence stimuli. An example of this is given in (1a) 
for an active sentence stimulus and (1b) for a passive sentence stimulus. 
 1a)  | De prinses | bekijkt | de prins | 
 ROI:  1  2   3 
 1b) | De prinses | wordt bekeken | door de prins | 
 ROI:  1  2  3 
In this experiment, the two nouns, ROI 1 and 3, and the finite verb and the past participle, 
ROI 2, would be of interest, because these are necessary to decipher the meaning of the 
sentence. It could be interesting to see if there are differences in FF between active (unmarked 
syntactical structure) and passive (marked syntactical structure) stimuli sentences and 
between participant categories. I would expect that ROI 2, the VP, in passive sentence stimuli 
would have a longer fixation, because these words are the first signal to the reader that they 
are reading a passive sentence. Additionally, the fixation on the second noun, i.e. ROI 3, 
could be longer in passive sentences than in active sentences. 
 The First Pass Regression (FPReg) is another measure that could be considered. It 
consists of the first regression to a region in the sentences that came before the current ROI 
during the first left-to-right passing of a sentence. Two sentence regions would be very 
important target regions in the passive sentence stimuli: the VP and the PP, i.e. ROI 2 and 3. 
In these two regions the copula ‘worden’, the past participle, and the preposition ‘door’ are 
the words that show the sentence is passive. It is difficult to establish exactly what people are 
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reading when they fixate, because people can read three to four characters left of the fixation 
and seven to eight characters to the right (Clifton & Staub, 2012). Therefore, ROI 1 needs to 
be included in the analysis of ROI 2 and part of ROI 2 in ROI 3. This measure provides 
important information about at which region people experience processing difficulties and to 
which regions they need to look back to solve them. If the HFA and TD participant categories 
have a different way of processing, then it would be likely that they show different FPRegs. 
The number and length of FPRegs may differ, as well as the region that to which the 
regression is made. It would also be interesting to compare the children to the adults, as the 
adults have fully matured cognitive functions, such as working memory, and fully developed 
reading skills, while these functions are still developing in the children.   
 Another measure that should be considered is the Total Pass Reading Time (TPRT) 
per Region of Interest (ROI). The TPRT consists of the duration of all fixations on a specific 
region of interest, including fixations from the current ROI to previous parts of the sentence, 
until a fixation forward is made. This means the TPRT gives insight into reading time of 
ROIs, in relation to regressive reading behaviour. As active sentences are unmarked, fewer 
regressions would be expected for active sentence stimuli than for passive sentence stimuli. In 
the passive sentence stimuli, a longer TPRT would be expected for ROI 2 and 3, as this type 
of sentence is marked and theta role assignment in this type of sentence may require 
regressions.   
4.3.2 Analysis of the picture-paradigm eye-tracking data 
Eye-tracking information can also be used to track how participants decide which picture 
matches the sentence they have just read, and can determine if different strategies are used by 
different participant categories. As discussed in section 4.4, errors in the picture-selection task 
may have been caused by a possible coding issue that participants could have experienced.  It 
is also possible that differences in reading behaviour are related to differences in picture-
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selection. Though this is outside the scope of the current study, the data could maybe be used 
for this. Several measures can be used to establish these differences: such as whether 
participants look at both pictures or select the correct picture on the basis of one of the two. 
Furthermore, the spots in pictures that participants focus on may matter too: whether they 
look at the attributes that identify the figures, e.g. a princess’s crown and dress, and at the 
instrument that is necessary to perform an action, e.g. a wooden plank for hitting, and for how 
long. Another measure that could be considered is the decision time, because a longer 
decision time indicates that participants found a picture-selection more difficult. If different 
times for active and passive sentence picture-selections are found, this could indicate that 
passives are considered more difficult to process. 
4.4 Limitations of the current study and recommendations for further research 
The present study has several limitations. Firstly, the groups of participants in this study are 
very small. A larger number of children and adults with HFA are necessary to be able to draw 
conclusions on passive comprehension in these groups. The same goes for the TD 
participants: though their numbers are slightly higher, they are still too small to be 
representative for the whole population. Additionally, due to the small group sizes, 
participants could not be matched on age and non-verbal IQ. Ideally, this would have been 
done to minimise differences between the groups. More of the approached participants with 
HFA could have participated if a portable eye-tracker had been available, as travelling to the 
lab was often too difficult or time-consuming for this group. A portable eye-tracker would 
also make the testing of large number of TD children possible, as it gives to possibility to test 
at schools.  
 As for the baseline tests, besides nonverbal IQ and grammatical skills, other factors 
could have been checked too. The reading of the sentences and picture-selection task are two 
different paradigms. If a high error percentage had occurred, it could have been caused by a 
56 
 
coding issue between the two paradigms: participants have to remember the sentence and 
actively use the information to choose the right picture. This means that participants had to 
remember the sentence for a few seconds and apply it to the picture they saw after they read 
the sentence. This requires working memory capacity. This can be controlled for by either 
testing participants’ working memory to ensure they can make the switch between the two 
paradigms, or by presenting the sentence and the two pictures simultaneously. Furthermore, 
reading levels could not be checked, due to incomplete information in parental questionnaires. 
In a future study, this could be obviated by testing reading level in short word-reading task.  
 The collection of eye-tracking data was unsuccessful in this experiment and should be 
optimised in a future experiment. The background of the presented sentences and pictures was 
black, as large differences in screen brightness might disturb participants with HFA. In the 
eye-tracking booth, the lights were behind the participants, as a result of which the 
participants’ faces were dark. This probably made it difficult for the eye-tracker to keep track 
of participant’s pupils. If lighting came from the side of the eye-trackers screen, it would 
shine on the participants’ faces, which would make the pupils more easily detectible. Another 
issue was the size of the furniture in the eye-tracking booth: the table and chair were adult-
size. This caused the smaller children to sit less still or straight up and the table was too high 
to put the keyboard on. Smaller children therefore had to keep the keyboard on their laps, 
which made it harder for them to press the right keys: they had to look down or move their 
hands every time they wanted to press a key. To prevent these issues in the future, the 
background of the stimuli sentences and pictures should be made lighter, e.g. grey, and the 
light should come from behind the eye-tracker’s screen. To accommodate small children, a 
child-size table and chair should be used. To avoid problems with a keyboard, a button box 
could be used: it is smaller and only has two buttons, so all children could hold it well, 
become familiar with it quickly, and operate it with more ease. Furthermore, as pointed out 
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above, it is possible that the 10- to 11-year-olds made more errors, because they wanted to go 
through the experiment too quickly. They could be slowed down by asking them to read the 
sentences out loud.  
 The stimuli themselves could be improved too. As mentioned in chapter three, some of 
sentences and pictures were ambiguous or created bias. In the De prinses bekijkt de prins (The 
princess looks at the prince), the picture should be altered so that the prince looks away from 
the princess. For De jongen knijpt de dokter (The boy pinches the doctor), another noun than 
dokter (doctor) should be used, e.g. clown. In contrast to a doctor, a clown is a person who 
could be pinched by a boy, or could pinch a boy, without knowledge of the world interfering 
with the comprehension of the sentence. Additionally, the sentences could be presented in a 
different font. It has been shown that people with dyslexia have issues with Times New 
Roman. Even though no studies have found that it interferes with reading in people with ASD, 
it would be better to control for this and use a more appropriate font. 
 Besides improving the long passive sentences used in the current experiment, other 
types of passives could be added to the stimuli. Dutch also has short passives, adjectival 
passives, and impersonal passives (for a brief overview see Verrips (1996)). Research has 
shown that different passives are acquired at different ages (Armon-Lotem et al., 2015). It 
would be interesting to see if the process of acquisition of all these passives is the same in TD 
and HFA children. Moreover, the reading behaviour for all passives could be investigated to 
see if any differences arise between TD and HFA participants, as well as between different 
types of passives.  
 This study has only looked at the comprehension of the grammatical structure of 
passives in HFA populations, but it has not taken the participants’ ability to use passives into 
account. Literally, passive sentences have the same logical meaning as their active 
counterparts. However, he pragmatic meaning of a passive sentence often differs from its 
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active counterpart, as speakers may have several reasons to use a passive construction. For 
example, the agent can be unknown or so obvious that it does not need to be mentioned. 
Another option is that the agent is known but not mentioned out of politeness, especially if the 
agent is ‘I’ or ‘we’, or because the agent is very vague, e.g. ‘people’ (Vandeweghe, 2013). As 
research reports issues in ASD children’s some pragmatic abilities, but not in others, the 
pragmatics of passives could be a valuable addition to the literature 
4.4. Conclusion 
In summary, the aim of this study to answer the research question: “Do children and adults 
with HFA comprehend and process passive sentences differently from typically developing 
children and adults?” This question was investigated through an eye-tracking experiment, in 
which the participants performed two tasks: they read sentences and they chose the picture 
that corresponded to the sentences. The results of the picture-selection task show that children 
and adults with HFA have good comprehension of long actional passives: they answered 
100% correctly. The TD adults also scored at ceiling level, but the TD children made more 
errors, though they still answered over 90% of the sentences correctly. This is in accordance 
with the hypothesis. However, these results must be regarded with caution, as the number of 
participants was small and the design of the experiment might have influenced the results. The 
collection of eye-tracking data was unsuccessful and therefore no conclusions can be drawn 
on the processing of passives. To provide more reliable results on comprehension and any 
results on the processing of passives, this experiment could be improved and then replicated 
with a larger number of participants and some adjustments to the design. 
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Appendix 
I – Socio-Economic Status Questionnaires 
A - The questionnaire for children, to be filled out by a parent/caretaker: 
 
Vragenlijst 
Naam invuller: _____________________________________________________________ 
Relatie tot kind: _____________________________________________________________ 
Datum: ___ - ___ - 2016 
De volgende vragen gaan over de achtergrond van het kind.  
Algemeen 
1 Naam kind: 
2 Geboortedatum kind (dag/maand/jaar): ____________ - ___________ - ___________ 
3 Geslacht kind: M / V 
Informatie over de ouders/verzorgers 
Indien het kind éen ouder/verzorger heeft, kunt u de antwoorden voor ouder/verzorger 2 openlaten. 
4 Wat voor werk doen de ouders/verzorgers? 
Beroep ouder/verzorger 1: __________________________________________________ 
Beroep ouder/verzorger 2: __________________________________________________ 
5 Wat is de hoogste opleiding die de ouders/verzorgers hebben genoten? 
Opleiding ouder/verzorger 1:  Basisschool/VMBO/HAVO/VWO/MBO/HBO/WO 
Opleiding ouder/verzorger 2:  Basisschool/VMBO/HAVO/VWO/MBO/HBO/WO 
Lezen 
6 Wat voor leesniveau heeft uw kind? 
______________________________________________________________________________ 
7 Hoeveel leest het kind per dag buiten school, schat u? Omcirkel het gewenste antwoord. 
Niet 15 minuten 30 minuten 45 minuten 60 minuten meer dan 60 minuten 
8 Wat leest het kind ? (meerdere antwoorden mogelijk) 
 Boeken 
 Strips 
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 Tijdschriften 
 Krant 
 Internetsites 
 Anders, namelijk: ________________________________________________________ 
 
B - The questionnaire to be completed by the adults: 
 
Vragenlijst 
Datum: ___ - ___ - 2016 
Algemeen 
1 Naam: 
2 Geboortedatum (dag/maand/jaar): ____________ - ___________ - ___________ 
3 Geslacht: M / V 
4 Hoogste afgeronde opleiding: Basisschool/VMBO/HAVO/VWO/MBO/HBO/WO 
Informatie over de ouders/verzorgers 
Indien je één ouder/verzorger hebt, kun je de antwoorden voor ouder/verzorger 2 openlaten. 
5 Wat voor werk doen je ouders/verzorgers? 
Beroep ouder/verzorger 1: __________________________________________________ 
Beroep ouder/verzorger 2: __________________________________________________ 
6 Wat is de hoogste opleiding die je ouders/verzorgers hebben genoten? 
Opleiding ouder/verzorger 1:  Basisschool/VMBO/HAVO/VWO/MBO/HBO/WO 
Opleiding ouder/verzorger 2:  Basisschool/VMBO/HAVO/VWO/MBO/HBO/WO 
Lezen 
7 Hoeveel lees je per dag buiten school/werk, schat je? Omcirkel het gewenste antwoord. 
Niet 15 minuten 30 minuten 45 minuten 60 minuten meer dan 60 minuten 
8 Wat lees je? (meerdere antwoorden mogelijk) 
 Boeken 
 Strips 
 Tijdschriften 
 Krant 
 Internetsites 
 Anders, namelijk: ________________________________________________________ 
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II - The Baron-Cohen et al (2001) questionnaire to test autism in adults, 
translated to Dutch 
 
 
Helema
al mee 
eens 
Beetje 
mee 
eens 
Beetje 
mee 
oneens 
Helemaa
l mee 
oneens 
1. Ik doe dingen liever samen met anderen dan 
alleen 
    
2. Ik doe dingen graag keer op keer op dezelfde 
manier 
    
3. Als ik me iets probeer voor te stellen, vind ik 
het heel makkelijk om het voor me te zien 
    
4. Ik ga regelmatig zo in iets op, dat ik andere 
dingen uit het oog verlies 
    
5. Ik merk vaak geluidjes op die anderen niet 
opvallen 
    
6. Nummerborden, of vergelijkbare rijen 
informatie, vallen me meestal op 
    
7. Andere mensen zeggen regelmatig dat ik iets 
onbeleefds heb gezegd, terwijl ik het zelf 
beleefd vond 
    
8. Als ik een verhaal lees, kan ik me makkelijk 
voorstellen hoe de hoofdpersonen eruit zien 
    
9. Ik vind (kalender)data fascinerend 
    
10. In een groep kan ik gemakkelijk de gesprekken 
van verschillende mensen bijhouden 
    
11. Ik kan gemakkelijk met sociale situaties 
omgaan 
    
12. Ik zie vaak details waar anderen die over het 
hoofd zien 
    
13. Ik ga liever naar de bibliotheek dan naar een 
feestje 
    
14. Ik vind het makkelijk om verhalen te verzinnen 
    
15. Ik voel me sterker aangetrokken tot mensen 
dan tot dingen 
    
16. Ik heb sterke interesses en ik ben van streek als 
ik daar niet mee bezig kan zijn 
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17. Ik hou van praten over ditjes en datjes 
    
 
Helema
al mee 
eens 
Beetje 
mee 
eens 
Beetje 
mee 
oneens 
Helemaa
l mee 
oneens 
18. Als ik aan het woord ben, is het voor anderen 
niet altijd makkelijk om daar tussen te komen 
    
19. Getallen fascineren mij 
    
20. Als ik een verhaal lees, vind ik het moeilijk om 
de bedoelingen van de karakters te acherhalen 
    
21. Ik lees niet echt graag fictie  
    
22. Ik vind het moeilijk om nieuwe vrienden te 
maken 
    
23. Ik zie constant patronen in dingen 
    
24. Ik ga liever naar het theater dan naar een 
museum 
    
25. Ik vind het niet erg als mijn dagelijkse routine 
wordt verstoord 
    
26. Ik weet vaak niet hoe ik een gesprek gaande 
moet houden 
    
27. Ik vind het makkelijk om 'tussen de regels door 
te lezen' als iemand tegen me praat 
    
28. Ik focus me meestal meer op het totaalbeeld 
dan op details 
    
29. Ik ben niet zo goed in telefoonnummers 
onthouden 
    
30. Het valt me vaak niet op als een situatie of 
iemands uiterlijk een klein beetje veranderd is 
    
31. Ik weet wanneer iemand die naar me luistert 
zich verveelt 
    
32. Ik vind het makkelijk om meer dan één ding 
tegelijk te doen 
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33. Als ik iemand aan de telefoon heb, vind ik het 
makkelijk om aan te voelen wanneer het mijn 
beurt is om te spreken 
    
 
Helema
al mee 
eens 
Beetje 
mee 
eens 
Beetje 
mee 
oneens 
Helemaa
l mee 
oneens 
34. Ik vind het leuk om spontaan dingen te doen 
    
35. Ik ben vaak de laatste die een grap snapt 
    
36. Ik vind het makkelijk om van iemands gezicht 
af te lezen hoe die zicht voelt of wat die denkt 
    
37. Na een onderbreking kan ik makkelijk 
terugschakelen naar wat ik aan het doen was 
    
38. Ik ben goed in over koetjes en kalfjes praten 
    
39. Mensen zeggen vaak dat ik maar blijf praten 
over hetzelfde onderwerp 
    
40. Toen ik klein was, vond ik het leuk om 
spelletjes met andere kinderen te doen waar in 
je 'deed alsof'  
    
41. Ik verzamel graag informatie over categorieën 
(bijv. typen auto's, vogelsoorten, typen treinen, 
plantensoorten etc.) 
    
42. Ik vind het moeilijk om me voor te stellen hoe 
het zou zijn om iemand anders te zijn 
    
43. Ik plan de activiteiten waar ik aan meedoe 
altijd zorgvuldig 
    
44. Ik hou van sociale gelegenheden 
    
45. Ik vind het moeilijk om iemands intenties te 
achterhalen 
    
46. Ik word zenuwachtig van nieuwe situaties 
    
47. Ik vind het leuk om nieuwe mensen te 
ontmoeten 
    
48. Ik ben een goede diplomaat 
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49. Ik kan niet zo goed geboortedata onthouden 
    
 
Helema
al mee 
eens 
Beetje 
mee 
eens 
Beetje 
mee 
oneens 
Helemaa
l mee 
oneens 
50. Ik vind het heel makkelijk om met kinderen 
spelletjes te doen waarbij je je dingen moet 
inbeelden 
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III – Stimuli Sentences 
The full list of sentences from which the test sets were extracted 
Full sentence  Pair Mode 
De dokter duwt de vader 1 A 
De vader wordt geduwd door de dokter 1 P 
De tante kietelt de vader 2 A 
De vader wordt gekieteld door de tante 2 P 
De prins kriebelt de ridder 3 A 
De ridder wordt gekriebeld door de prins 3 P 
De meester tekent de prinses 4 A 
De prinses wordt getekend door de 
meester 
4 P 
De prinses bekijkt de prins 5 A 
De prins wordt bekeken door de prinses 5 P 
De vader omhelst de jongen 6 A 
De jongen wordt omhelsd door de vader 6 P 
De clown slaat de piraat 7 A 
De piraat wordt geslagen door de clown 7 P 
De jongen schildert de meester 8 A 
De meester wordt geschilderd door de 
jongen 
8 P 
De ridder vangt de tante 9 A 
De tante wordt gevangen door de ridder 9 P 
De olifant mept de clown 10 A 
De clown wordt gemept door de olifant 10 P 
De jongen knijpt de dokter 11 A 
De dokter wordt geknepen door de jongen 11 P 
De dokter kust de vrouw 12 A 
De vrouw wordt gekust door de dokter 12 P 
De prins wast de olifant 13 A 
De olifant wordt gewassen door de prins 13 P 
De piraat stompt de olifant 14 A 
De olifant wordt gestompt door de piraat 14 P 
    De clown knuffelt de tante 15 A 
    De tante wordt geknuffeld door de clown 15 P 
De vrouw schopt de ridder 16 A 
De ridder wordt geschopt door de vrouw 16 P 
De vrouw zoent de meester 17 A 
De meester wordt gezoend door de vrouw 17 P 
De prinses aait de piraat 18 A 
De piraat wordt geaaid door de prinses 18 P 
De zon schijnt achter de wolken 19 I 
Het sneeuwt uit de wolken. 20 I 
De hond blaft tegen de voordeur 21 I 
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De kat ligt op de grond te slapen 22 I 
De poes hangt aan een tak in de boom  23 I 
De bloem staat in een vaas op de tafel 24 I 
Het regent heel hard 25 I 
Het geld glimt in het licht 26 I 
De hond ligt naast de bal te slapen 27 I 
De man denkt aan de vrouw T1 Trial 
    De dolfijn springt uit het water T2 Trial 
    De oma belt de man T3 Trial 
    De koe staat in de wei T4 Trial 
 
